The excised TE domains are indicated in yellow. The cut site of Ecm TE for expression was decided at the linker region between PCP and thioesterase domain as the reported NRPS TE domains. The serine residues labeled in green show the phosphopantetheine attachment site in the PCP domain.
SUPPLEMENTAL EXPERIMENTAL PROCEDURES FOR THE SYNTHESIS OF TETRAPEPTIDYL-SNAC THIOESTER 5
General Information NMR spectra were recorded on JEOL ECP-300 ( 1 H/300 MHz, 13 C/75 MHz) and JEOL α-400
( 1 H/400 MHz, 13 C/100 MHz) spectrometers. Chemical Shifts are reported in δ (ppm) using chloroform as an internal standard of δ 7.26. IR spectra were recorded on a HITACHI infrared spectrophotometer 270-30. Mass spectra were recorded on JEOL JMS-T100CS (ESI) spectrometer. Flash column chromatography was performed using Kanto Silica Gel 60N.
Fmoc-N-Me-Val-OBn
A solution of Fmoc-N-Me-Val-OH (1.0 g, 2.83 mmol) and benzyl alcohol (439 ml, 4.24 mmol) in CH 2 Cl 2 (9.4 ml) was treated with DCC (875 mg, 4.24 mmol), and DMAP (69.6 mg, 0.57 mmol) at 0 ºC and the resulting mixture was stirred at 0 ºC for 10 min. After being stirred for 2 h at rt, a white precipitate of DCU was removed by filtration. The filtrate was diluted by adding CH 2 Cl 2 (100 ml) and washed with 0.5 N HCl and brine. After being dried over Na 2 SO 4 , the mixture was concentrated. The residue was purified by flash silica gel chromatography (hexane/EtOAc = 100:1-10:1) to yield 0, 144.0, 141.3, 129.0, 128.6, 128.5, 128.3, 128.2, 128.1, 127.7, 127.0, 125.3, 125.0, 124.9, 120.0, 67.7, 66.5, 63.9, 47.3, 30.2, 27.7, 21.5, 19.6 
Boc-N-Me-Cys(S-Acm)-N-Me-Val-OBn
A solution of Fmoc-N-Me-Val-OBn (1.18g, 2.66 mmol) in diethylamine/DMF (9/1, 26 ml) was stirred at rt for 2 h. The mixture was concentrated, and the residual DMF was further azeotropically distilled with toluene in vacuo to give a crude NHMe-Val-OBn. A solution of Boc-N-Me-Cys(S-Acm)-OH (Liu et al., 2002) (977 mg, 3.19 mmol) and HOAt (434 mg, 3.19 mmol) in CH 2 Cl 2 (9.0 ml) was treated with i-Pr 2 NEt (676 µl, 3.19 mmol) and EDCI (612 mg, 3.19 mmol) at 0 ºC and then stirred for 5 min. To the resulting mixture was then added the crude NHMe-Val-OBn at 0 ºC, and stirred for 30 min. After being stirred at rt for 11 h, the reaction mixture was diluted with CH 2 Cl 2 (200 ml) and washed with 0.5 N HCl, 5% NaHCO 3 , and brine. After being dried over Na 2 SO 4 , the mixture was concentrated. The residue was purified by flash silica gel chromatography (hexane/EtOAc = 10:1-1:2) to yield 1.10 g (2.18 mmol, 82%) as white foam. IR (film) ν 3328, 2968, 1738, 1688, 1656, 1542, 1478, 1456, 1392, 1370, 1318, 1260, 1166, 1138, 754 4, 170.0, 169.7, 156.4, 137.9, 129.2, 129.0, 128.7, 128.6, 128.3, 81.0, 66.7, 64.6, 62.4, 42.8, 32.8, 32.1, 31.1, 29.5, 28.3, 27.3, 23.1, 19.8, 18.9 
Boc-Ala-N-Me-Cys(S-Acm)-N-Me-Val-OBn
A mixture of Boc-N-Me-Cys(S-Acm)-N-Me-Val-OBn (1.0 g, 1.96 mmol) and 3N HCl in dioxane (20 ml) was stirred at rt for 30 min. The volatiles were removed under reduced pressure. The residual HCl was further azeotropically removed with toluene to give a crude NHMe-Cys(S-Acm)-NHMe-Val-OBn. A solution of Boc-Ala-OH (741 mg, 3.92 mmol) and HOAt (534 mg, 3.92 mmol) in CH 2 Cl 2 (6.5 ml) was treated with NaHCO 3 (247 mg, 2.94 mmol) and EDCI (751 mg, 3.92 mmol) at 0 ºC. After being stirred for 5 min, the reaction mixture was treated with the crude NHMe-Cys(S-Acm)-NHMe-Val-OBn. The mixture was stirred at 0 ºC for 30 min, and then at rt for 11 h, The reaction mixture was diluted with CH 2 Cl 2 (300 ml) and washed with 0.5 N HCl, 5% NaHCO 3 and brine. After being dried over Na 2 SO 4 , the mixture was concentrated. The residue was purified by flash silica gel chromatography (hexane/EtOAc = 1:1-EtOAc only) to yield 726 mg (1.25 mmol, 64%) as white foam. IR (film) ν 3336, 2972, 1738, 1646, 1526, 108, 1370, 1254, 1172 mmol) and HOAt (256 mg, 1.88 mmol) in CH 2 Cl 2 /DMF (9/1, 7.0 ml) was treated with i-Pr 2 NEt (400 µl, 1.88 mmol) and EDCI (360 mg, 1.88 mmol) at 0 ºC and stirred for 5 min. The reaction mixture was then treated with the crude NH 2 -Ala-N-Me-Cys(S-Acm)-N-Me-Val-OBn, and stirred at 0 ºC for 30 min. After being stirred at rt for 11 h, the reaction mixture was diluted with CH 2 Cl 2 (300 ml) and washed with 0.5 N HCl, 5% NaHCO 3 and brine. After being dried over Na 2 SO 4 , the mixture was concentrated. The residue was purified by flash silica gel chromatography (hexane/EtOAc = 7, 170.1, 170, 169.8, 169.0, 155.9, 143.7, 143.3, 141.2, 137.8, 135.3, 134.7, 129.0, 128.6, 128.5, 128.3, 128.2, 127.9, 127.7, 127.2, 127.0, 125.2, 125.0, 120.0, 87.1, 66.8, 64.9, 63.6, 62.6, 54.6, 53.2, 47.0, 45.9, 41.9, 31.4, 30.2, 27.2, 23.1, 21.4, 19.9 6, 170.0, 169.7, 168.6, 162.4, 143.8, 143.5, 143.3, 142.7, 135.3, 131.8, 130.9, 129.7, 129.4, 128.5, 128.2, 127.9, 127.2, 87.1, 67.2, 66.7, 63.3, 62.6, 53.1, 46.0, 41.8, 36.4, 31.4, 30.6, 30.2, 27.2, 23.0, 19.8, 18.6, 18.3 To the crude product was added 1N NaOH/DMF (1/4, 1.2 ml) at 0 ºC and stirred at rt for 1.5 h. The resulting mixture was poured into 5% NaHCO 3 (20 ml) and wash with CHCl 3 (20 ml x 2). The water phase was acidified by adding 1N HCl (20 ml) and then extracted with CHCl 3 (40 ml x 2). After being dried over Na 2 SO 4 , the mixture was concentrated to provide the crude quinoxaline-2-carbonyl-D-Ser-Ala-N-Me-Cys-N-Me-Val-OH (42.5 mg) as a 5/1 diatereomeric mixture. This crude diastereomeric mixture was treated with I 2 in DMF and stirred at rt for 2 h. The mixture was quenched by 5% Na 2 S 2 O 3 and then diluted with CHCl 3 (40 ml). The organic layer was washed with 0.5 N HCl, 5% NaHCO 3 and brine. After being dried over Na 2 SO 4 , the mixture was concentrated to give the crude dimeric product having a disulfide and two carboxylic acids (19.0 mg). The crude product was directly used to the next reaction. To the solution of the crude product, quinoxaline-2-carbonyl-D-Ser-Ala-NMe-Cys-NMe-Val-OH (19.0 mg), in THF/DMF (4/1, 170 µl) was added N-acetylcysteamine (17.9 µl, 2.06 x 10 -1 mmol), i-Pr 2 NEt (11.8 µl, 6.77 x 10 -2 mmol) and PyBOP (35.2 mg, 6 .77 x 10 -2 mmol) at -20 ºC and stirred for 30 min at the same temperature. After being stirred at rt for 3 h, the resulting mixture was quenched with 1N HCl (5 ml) and extracted with CHCl 3 (20 ml x 2). The organic layer was washed with brine, dried over Na 2 SO 4 and concentrated to give the crude thioester having a disulfide bond. To reduce the disulfide bond, this crude thioester was treated with 10 mM tris(2-carboxyethyl)phosphine (TCEP: 1 ml) in H 2 O/DMSO = 9/1, and mixed vigorously using a vortex shaker at rt for 1 h. 
DNA Intercalation of Cyclized Products
Procedures for the agarose gel electrophoresis were carried out as the previous reports (Boger, et al., 2001) . The various concentration of the cyclized products in DMSO (1 µL) were mixed with a DNA solution containing 0.25 µg of supercoiled ФX174 RF I DNA (1.0 x 10 -8 M) in 9 µl of 50 mM Tris-HCl buffer solution (pH 8.0) and then incubated at 24 ºC for 1 h. The reactions were quenched with 5 µL of loading buffer prepared by mixing Keller buffer (0.4 M Tris-HCl, 0.05 M NaOAc, 0.0125 M EDTA, pH 7.9), glycerol (40 %), sodium dodecyl sulfate (0.4%), and bromophenol blue (0.3%). The resulting mixtures were subjected to electrophoresis using 1.0% ME agarose gel (Camblex) at 50 V for 2 h in a buffer (40 mM Tris, 20 mM acetic acid, 1 mM EDTA, pH 8.0). Gels were stained with 0.1 mg/mL ethidium bromide and visualized on an UV transilluminator ( Figure  S6 ).
Preparation of the Cyclic Peptides for the Assay of DNA-Intercalation
To evaluate the DNA-intercalating activities, the semipreparative scale syntheses of the cyclic
